Chronic kidney disease (CKD) is characterized by a reduced glomerular filtration rate (GFR) and proteinuria. Modifiable lifestyle factors such as smoking and alcohol contribute to CKD. Recent cohort studies have shown that moderate alcohol consumption attenuates the decline of the GFR and smoking has been previously shown to be associated with CKD. However, the association of smoking and alcohol consumption on CKD is not entirely clear. To examine whether there is evidence to assume that smoking is an effective modifier of the association between CKD and alcohol consumption, we conducted a cross-sectional study of a population of people who presented for a health checkup under a program that targets the insured population aged ≧ 40 years using data from the Specific Health Check and Guidance in Japan between April 2008 and March 2009. Of the 506 807 participants aged ⩾ 40 years, 292 013 (57.6%) were included in the present analysis. Outcomes were kidney dysfunction, as an eGFR of o60 ml/min/1.73 m 2 , and proteinuria. In nonsmokers, drinking a small amount was associated with a lower prevalence of proteinuria, but in smokers, the association between alcohol and proteinuria was not observed. The analysis regarding eGFR o60 ml/min/1.73 m 2 revealed that in both smokers and nonsmokers, alcohol consumption was inversely associated with the risk of CKD. Mild to moderate alcohol consumption might be associated with a lower risk of CKD (proteinuria and eGFR), especially among nonsmokers, because smoking might have modified the potential benefits of alcohol to prevent CKD.
INTRODUCTION
The concept of chronic kidney disease (CKD) was developed because CKD has a strong relationship with cardiovascular diseases (CVDs) as well as end-stage renal diseases (ESRDs). [1] [2] [3] Originally, CKD was defined by proteinuria and glomerular filtration rates (GFRs). 4 Similar to CVD, modifiable lifestyle factors, such as smoking, 5, 6 alcohol, 7 sleep 8 and exercise, 9 contribute to CKD. 10 Smoking has been previously shown to be associated with renal disease. [11] [12] [13] [14] A number of biological mechanisms by which smoking can result in kidney damage have been identified, including the promotion of renal atherosclerosis, 15 alterations in systemic and renal hemodynamics 16 and effects on endothelial function. 17 Alcohol consumption is one of the main modifiable lifestyle factors associated with CVD and its risk factors, including hypertension, 18 diabetes, 19 ischemic heart disease 20 and stroke. 21 Heavy drinkers are at a higher risk of these diseases, whereas mild to moderate alcohol consumption, generally corresponding to 1-2 drinks (15-30 g of alcohol)
per day or less, is associated with a lower incidence of these diseases and a lower all-cause mortality. 22 In 'Healthy Japan 21', the Japanese Ministry of Health and Welfare reported that consuming a mean amount of ∼ 20 g of absolute alcohol per day represented 'moderate drinking'. 23 For renal disease, it remains controversial whether heavy alcohol consumption affects renal prognosis. [24] [25] [26] Recent cohort studies have shown that moderate alcohol consumption attenuates the decline of GFR. 27 Because various background factors can affect the relevance of alcohol consumption and CKD, a variety of research reports have been reported. For example, joint exposure to both current smoking and heavy drinking has been associated with higher odds of CKD than their individual effects. 28 However, the association of smoking and alcohol consumption on CKD is not entirely clear.
The aim of the present cross-sectional survey of 292 013 individuals undergoing the Specific Health Check and Guidance in Japan was to examine whether there is evidence to assume that smoking modifies the potential benefits of alcohol to prevent CKD.
METHODS

Study population
The present nationwide cross-sectional survey included members of the general Japanese population who underwent the Specific Health Check and Guidance in Japan between April 2008 and March 2009. As a recent survey indicated that the prevalence of diabetes, hypertension, dyslipidemia, obesity and metabolic syndrome had been increasing in Japan, the Ministry of Health, Labor and Welfare of Japan developed a systematic health-care strategy that involves specific health checkups and targets members of the insured population who are aged ⩾ 40 years. This strategy aims to detect and manage CKD at an earlier stage. We analyzed the data of individuals who were receiving the Health Check and Guidance in 8 
Measurements
Demographic, physical and laboratory data included age, sex, body mass index (weight (kg)/height 2 (m 2 )), systolic blood pressure, diastolic blood pressure, mean arterial pressure (diastolic blood pressure+(systolic blood pressure À diastolic blood pressure)/3), pulse pressure (systolic blood pressure À diastolic blood pressure), serum concentration of creatinine (enzymatic method), and levels of hemoglobin A1c, fasting blood sugar, triglycerides, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol, uric acid and urinary protein, as detected by a dipstick test. Proteinuria was defined as ⩾ 1 urinary proteins. The estimated glomerular filtration rate (eGFR) was calculated using the following equation: eGFR (ml/min/1.73 m 2 ) = 194× age (years) À0.287 × serum creatinine (mg/dl) À 1.094 (× 0.739, if female). 29 Hypertension is defined as follows, systolic blood pressure ≧ 140 mmHg or diastolic blood pressure ≧ 90 mmHg. 30 Diabetes is defined as follows, fasting plasma glucose level ⩾ 126 mg/dl and hemoglobin A1c ⩾ 6.1%. 31 Dyslipidemia is defined as follows, low-density lipoprotein cholesterol ≧ 140 mg/dl or HDL-C o40 mg/dl or triglycerides ≧ 150 mg/dl. 32 Information regarding lifestyle, use of current medications for comorbidities and past medical history was based on self-reported standard questionnaires that all participants were required to complete at the time of their check-up. Alcohol consumption was ascertained by asking the following two questions: 'How often do you drink alcoholic beverages? (1) Every day, (2) occasionally or (3) rarely' and 'How many alcoholic beverages do you drink on the days that you do drink? (Approximately 500 ml beer, 80 ml 'shochu' (a Japanese liquor similar to vodka), 60 ml whiskey or 240 ml wine were assumed to constitute 1 standard drink.) (1) ≦ 1 Drink per day, (2) 1-2 drinks per day, (3) 2-3 drinks per day or (4) ≧ 3 drinks per day'. Each drink was calculated using 20 g of ethanol consumption. We categorized alcohol consumption as follows: drink score (0) rare, (1) occasional, (2) ethanol intake ≦ 19 g per day, (3) ethanol intake 20-39 g per day, (4) ethanol intake 40-59 g per day and (5) ethanol intake ≧ 60 g per day. Smoking status was evaluated by positive answers to the question 'Do you smoke now?' A past history of cardiac disease was defined by a positive answer to the question 'Have you been diagnosed with heart disease?' Similarly, past history of stroke was also defined by a positive answer to the question 'Have you been diagnosed with stroke?' and a past history of kidney disease was defined by a positive answer to the question 'Have you been diagnosed with kidney disease?' Current drug history was defined by a positive answer to the question 'Do you take antihypertensive medications now?', 'Do you take insulin injection or antihyperglycemia medications now?' and 'Do you take anticholesteremic medications now?' All data were collected and managed at an independent non-profit data center in the Japan Clinical Research Support Unit.
Statistical analysis
Continuous variables were expressed as the mean ± s.d. or median (interquartile range) as appropriate, and categorical variables were expressed as a number (proportion). Serum triglyceride levels were logarithmically transformed because of their skewed distribution. The clinical characteristics of subjects with different drink scores were compared using analysis of variance, the Kruskal-Wallis test or χ 2 test, as appropriate. To assess whether smoking is an effect modifier of the association between drink score and proteinuria, the odds ratio of each drink score was calculated using univariate and multivariate logistic regression models, dividing it into smoking and nonsmoking, with the presence of proteinuria as the dependent variable. To assess whether smoking is an effect modifier of the association between drink scores and eGFRs, the odds ratio of each drink score was calculated using univariate and multivariate logistic regression models, dividing it into smoking and nonsmoking, with the presence of eGFR o60 (ml/min/1.73 m 2 ) as the dependent variable. Multivariate models included age, body mass index, systolic blood pressure, diastolic blood pressure, smoking status, drinking status, past history of heart disease, past history of stroke, levels of hemoglobin A1c, serum triglyceride concentration, HDL cholesterol and uric acid as covariates, in addition to the drink score.
We defined kidney dysfunction, one of the outcomes, as an eGFR o60 ml/min/1.73 m 2 because recent reports have demonstrated that an eGFR o60 ml/min/1.73 m 2 is a risk factor for CVD and end-stage renal disease (ESRD), resulting in the establishment of CKD stage 3a. We assessed proteinuria (defined as ≧ 1+ urinary protein by dipstick test) as the other outcome.
All P-values were based on two-sided tests of significance, and Po0.05 was considered statistically significant. Statistical analyses were performed using Stata version 11.0 (Stata, College Station, TX, USA) and R version 3.0. 
RESULTS
The clinical characteristics of the 117 692 men and 174 321 women stratified according to smokers and nonsmokers are shown in Tables  1 and 2 , respectively. In men, smokers tended to drink more alcohol than nonsmokers, and smokers were younger, had lower body mass index, lower systolic and diastolic blood pressure, lower serum HDL-C and low-density lipoprotein cholesterol level, higher eGFR, higher positive proteinuria, higher triglyceride levels and higher hemoglobin A1c. In male nonsmokers, past histories of heart disease, stroke and kidney disease, current drug history of antihypertensive and anticholesteremic medications and prevalence of hypertension were higher. In the women, almost all were nonsmokers (94.1%), and similar trends as in the men were observed. In addition, uric acid and past history of kidney disease were slightly higher in female smokers, and prevalence of dyslipidemia was higher in female nonsmokers.
We examined the relationship between alcohol consumption and proteinuria stratified by smoking. In both genders, univariate and multivariate model analyses demonstrated that alcohol consumption was associated with proteinuria (Tables 3 and 4 ). The multivariate analysis of proteinuria revealed that in nonsmokers, a small amount of drinking was associated with a lower prevalence of proteinuria, but in smokers, the association of alcohol consumption and proteinuria was not observed. In male nonsmokers, a drink score of 2 and 3 had a significant association with a lower prevalence of proteinuria (vs. a drink score of 0, multivariate-adjusted odds ratio (OR) 0.90 (95% confidence interval (CI) 0.83-0.98), P = 0.012 for drink score 2, multivariate-adjusted OR 0.87 (95% CI 0.79-0.94), P = 0.001 for drink score 3), although in smokers, alcohol was not associated with a lower prevalence of proteinuria. In female nonsmokers, a drink score of 1 had a significant association with a lower prevalence of proteinuria (vs. a drink score of 0, multivariate-adjusted OR 0.75 (95% CI 0.59-0.96), P = 0.021), although in smokers, the association of alcohol and proteinuria was not observed.
We examined the relationship between alcohol consumption and eGFR o60 ml/min/1.73 m 2 stratified by smoking. In both genders, univariate and multivariate model analyses demonstrated that alcohol consumption was associated with a lower prevalence of eGFR o60 ml/min/1.73 m 2 (Tables 5 and 6 ). The multivariate analysis of eGFR o60 ml/min/1.73 m 2 revealed that in both smokers and nonsmokers, alcohol consumption was inversely associated with the risk of chronic kidney disease. In male nonsmokers, drink scores from 1 to 5 had a significant association with a lower prevalence of We also calculated the odds ratio of each drink score using univariate and multivariate logistic regression models, excluding the person with the past medical history (heart disease, stroke and kidney disease), dividing it into smoking and nonsmoking, with the presence of proteinuria as the dependent variable (Supplementary Tables 1 and 2 ). Furthermore, we calculated the odds ratio of each drink score using univariate and multivariate logistic regression models, excluding the person with the past medical history (heart disease, stroke and kidney disease), dividing it into smoking and nonsmoking, with the presence of eGFR o60 (mlml/min/1.73 m 2 ) as the dependent variable (Supplementary Tables 3 and 4). Compared with Tables 3,4 ,5,6, these results were almost similar. 
DISCUSSION
In the present cross-sectional study of 292 013 individuals undergoing the Specific Health Check and Guidance in Japan, it was observed that in nonsmokers, a small amount of drinking was associated with a lower prevalence of proteinuria. However, in smokers, the association between alcohol and proteinuria was not observed. In the analysis Abbreviations: BMI, body mass index; BP, blood pressure; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; OR, odds ratio. a Adjusted for alcohol consumption, age, body mass index, mean arterial pressure, triglyceride level, HDL cholesterol level, hemoglobin A1c, uric acid, past history of heart disease and stroke.
Alcohol consumption and smoking in CKD A Matsumoto et al regarding eGFR o60 ml/min/1.73 m 2 , it was observed that in both smokers and nonsmokers, alcohol consumption was inversely associated with the risk of CKD; however, in female smokers, the association of drink scores 1 and 2 with a lower prevalence of eGFR o60 ml/min/1.73 m 2 was not observed. Although alcohol consumption has been found to be protective for CVD, 20 the relationship between alcohol consumption and kidney disease is complex and controversial. On the one hand, alcohol consumption has been associated with the risk of CKD. 28, 33 A population-based cohort study in the United States reported that drinking ⩾ 4 servings daily was independently associated with an increased CKD risk 28 (each serving of beer, wine and liquor was considered to contain 12.96, 11.48 and 14.00 g of ethanol, respectively 34 ). A case-control study in the United States reported that the consumption of more than two alcoholic drinks per day was associated with an increased risk of ESRD and that a lower intake of alcohol did not appear to be harmful. 33 On the other hand, alcohol consumption has been inversely associated with the risk of CKD. [25] [26] [27] [35] [36] [37] A prospective cohort study of 11 023 initially healthy male physicians in the United States reported a significantly lower risk of renal dysfunction (defined as serum creatinine ⩾ 1.5 mg/dl and eGFR ⩽ 55 ml/min) in those who consumed at least 7 drinks weekly. 37 A prospective cohort study in China reported a significant inverse relationship between alcohol consumption and risk of ESRD in men and a stronger relationship in those who had more than 21 drinks weekly. 25 A prospective cohort study in Australia reported a significantly reduced risk of CKD (defined as eGFR o60 ml/min/1.73 m 2 ) in men who consumed at least 30 g of alcohol daily. 26 A prospective cohort study in Japan reported that in men aged ≧ 40 years, an average daily alcohol consumption of o20 g/day decreased the risk of CKD compared with nondrinkers, whereas an average daily alcohol consumption of ≧ 20 g/day was not associated with the risk of CKD. 27 In our results, mild to moderate alcohol consumption was associated with a lower incidence of proteinuria, and this finding was consistent with previous publications. However, in smokers, the association of alcohol with proteinuria was not observed, and hence this association might be no longer significant. Furthermore, alcohol consumption was inversely associated with the risk of decreased eGFR, but in female smokers, the association between mild to moderate alcohol consumption and a lower prevalence of eGFR o60 ml/min/1.73 m 2 was not observed. We suspect that smoking may modify the potential benefits of alcohol to prevent CKD. Alcohol also has an adverse effect on driving safety and can increase violent behavior, liver dysfunction and some cancers; therefore, the results regarding alcohol intake should be interpreted carefully. Nevertheless, in nonsmokers, mild to moderate alcohol consumption may not need to be prohibited, at least regarding its effects on kidney function. On the other hand, alcohol intake may not be recommended for smokers.
Some clinical studies have indicated the mechanisms involved with alcohol consumption, for example, that moderate consumption may be associated with increased HDL and plasma concentration of endogenous tissue-type plasminogen activator, 38,39 thereby protecting against atherosclerosis. However, the mechanisms of alcohol consumption and CKD are not yet clear. Recently, McCarthy et al. 40 reported that ethanol at low concentrations (0.02-0.1 mmol/ml) protected glomerular podocytes through alcohol dehydrogenase and 20-hydroxyeicosatetraenoic acid. Ethanol at high concentrations (0.4 mmol/ml) altered the actin cytoskeleton, induced CYP2e1, increased superoxide production and inhibited alcohol dehydrogenase gene expression. Ethanol at low concentrations upregulated the expression of alcohol dehydrogenase and CYP4a12a. In addition, 20-hydroxyeicosatetraenoic acid, an arachidonic acid metabolite generated by CYP4a12a, blocked the ethanol-induced cytoskeletal derangement and superoxide generation. Changes in podocyte structure and the resulting alterations in glomerular filtration barrier function may be early events in the progressive loss of glomerular function and the onset of proteinuria and chronic disease. Ethanol may positively and negatively affect several metabolites and signaling pathways involved in regulating glomerular barrier function. 40 There are several limitations to this study. First, we could not infer a causal relationship between drink scores and proteinuria and eGFR because of the cross-sectional nature of the study. Further studies are needed to examine the causality of our findings. Second, the presence of proteinuria was determined by a single measurement using a dipstick test that may have led to misclassifications. Prior studies have shown that even a single dipstick indication of proteinuria is a significant risk factor for all-cause mortality, cardiovascular mortality 41, 42 and ESRD. 43, 44 Third, the drinking and smoking habits of the participants were evaluated only by a self-reported questionnaire. Therefore, a reporting bias may have existed in the entire cohort. However, because the participants did not benefit from answering the questions inaccurately or untruthfully, accurate information was expected. Fourth, we did not have information on the type of alcoholic beverage. Some characteristics have been reported to be because of the type. For example, long-term exposure to polyphenolrich red wine has been shown to lead to an enhancement of antioxidant defenses in rat plasma and kidney. 45 Fifth, there is a huge potential for selection bias in this study, with nearly 60% excluded, mostly because of missing data on the effect modifier and exposure. Sixth, only current smoking was assessed; this habit may change as individuals become ill and hence past smoking may be more relevant to current CKD risk.
In this cross-sectional study, mild to moderate alcohol consumption was associated with a lower prevalence of proteinuria, but this association was slightly attenuated in smokers. Furthermore, alcohol consumption was inversely associated with the risk of a decreased eGFR. We suspect that mild to moderate alcohol consumption may be associated with a lower risk of CKD (proteinuria and eGFR), especially among nonsmokers, because smoking might have modified the potential benefits of alcohol to prevent CKD. Abbreviations: BMI, body mass index; BP, blood pressure; CI, confidence interval; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; OR, odds ratio. a Adjusted for alcohol consumption, age, body mass index, mean arterial pressure, triglyceride level, HDL cholesterol level, hemoglobin A1c, uric acid, past history of heart disease and stroke.
